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Abstract 
 The paper maked an empirical study on the energy efficiency feature of TianJin from 1990 to 2008 based on 
nonparametric frontier model. The result shows that the trend of energy efficiency was descend in advance then 
uplifted. We analysed the influencing factors used TOBIT-model. The energy efficiency is influenced by many 
factors, such as industry structure, technology progress, institutional factor, government force, and the degree of 
opening. At last, we gave some advices to improve the energy efficiency in TianJin. 
 
 
Keywords:  Energy Efficiency; DEA; TOBIT  
1. Introduction 
 Ch ina have put forward the outline of China's the Eleventh Five-year Plan, in which the energy 
consumption per GDP by the end of the Eleventh Five-year Plan will depress about 20% than Ten Five-
year Plan. But by 2009 the data of annual g ross national product of a unit of energy consumption is 
14.38%.How to improve energy efficiency in the steady growth process has become the focus of attention 
in academic research. Existing studies on energy consumption main ly concentrated on two aspects : on 
one hand existing study is on energy consumption power and influence factors analysis [1], this method 
simply analysis a factor of the efficiency, oversight the replacement the problem in the production process 
of energy capital and labors. on the other hand, existing study analyses the relationship between certain 
representative factors and energy efficiency, such as technical progress and energy efficiency [2],economy 
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structure and energy consumption power[3].To make up for the above problems, we introduce the non-
parameters energy efficiency method[4] based on the production function, found out the changing 
characteristic of Tianjin energy efficiency, then we use parameter method [5] to analysis the representative 
influencing factors. We put fo rward a more comprehensive method. We use the model of C-D and the 
measurement method of energy efficiency based DEA, and analysis the economic datum between 1990 
and 2008.We get the characteristics of Tian jin  energy efficiency. Based on the economy theory, using the 
TOBIT model[6] we analyze influencing factors and find the correlation. At last, based the econometric 
results we seek to find the methods to improve the energy efficiency. 
2. Total factor energy efficiency productivity based DEA methodology 
Traditional energy consumption power index can’t measure energy factor and d ifferent factors and one 
another substitute effect between them. Considering the DEA model of constant returns to scale and input 
oriented, the result is as the following chart 1. 
Suppose there are four DMUs AǃBǃCǃD, we ascertain the production frontiers S-S’, C and D are 
all on the frontiers S-S’, we can conclude they are efficiency. But the A and B are not on the frontiers. 
The B’ is the projection of B on the frontiers. B’B is the loss of efficiency. The AA’ and A’C is the 
adjectives energy inputs for the A, there are two parts for A to adjust: rad ial and slack adjustment. So, the 
definit ion of Total factor energy efficiency productivity is as follows: arg 1t et loss
actual actual
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chart1  ˖DEA model input oriented 
So the target value and the adjustment value both can calcu late from the input -oriented DEA  
methodology. Assume that there are n  DMUs, the input vector is  1 , , Tj j mjX x x the output vector 
is  1 , , Tj j sjY y y the number of input is m, the number of output is s. The model is as follows: 
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0
 isDEA efficiencyˈthe economic activ ity of DMUs 
are both technique efficiency and scale efficiency˄2˅ * 1T  ,but at least there are certain input or 
output vectors are bigger than 0, DMUs j
0
 isweak DEA efficiency. The economic activity of DMUs is 
not both technique efficiency and scale efficiency˄3˅ * 1T   DMUs j
0
 is not DEA efficiency. the 
economic activ ity of DMUs is neither technique efficiency nor scale efficiency In addition, if 
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   Th is definition contains influence 
from other factors except energy sources. 
The aim of energy input is the lowest 
input of energy. As a result of actual 
energy consumption is bigger or equal to 
target value, the value of TFEE is between 
0 and 1. When the value of TFEE is close 
to 1, the efficiency is  higher, the value 
needs to be adjusted is smaller. Otherwise, 
the value of TFEE is close to 0, it  indicate 
the lower lever of energy efficiency, the 
value needs to be adjusted is larger. 
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1
1n jj O  ¦ the DMUs are scale efficiency. 1 1n jj O ¦  the DMUs are decreasing returns to 
scale.
1
1n jj O !¦ ˈ the DMUs are increasing returns to scale. The residual of input can calculate 
from: *0 0(1 )x x sT '    ,We can calculate the efficiency of resources using the above formula.  
In this paper, the datum root in the yearbooks of Tianjin statistics 1991-2009. the output index is GDP, 
and use the 1990 fixed price for GDP deflator. The input indices are: 
(1)energy consumption(ten thousand ton standard coal) 
(2)capital input: we use the perpetual inventory system, that is 
, , , 1(1 )i t i t i i tK I KG      ˄4˅ 
,i tK is the capital deposit of t, ,i tI is investment of tˈ iG is depreciation rate[7]. Suppose the depreciation 
rate is 9.6%, substance deposit weigh against 1952. 
(3)labors input: in the market economy, the labors input should consider both the quantity and the 
quality. But because of the difficulty of acquirab ility, we use the index of the society practitioner (ten 
thousand persons). 
Using the software DEAP2.1, we can figure out the total factor energy efficiency productivity of 
Tianjin from1990-2008: 
table 1˖1990 -2008 Tianjin energy efficiency result 
year Efficiency measureslack valuable 1 slack valuable 2 slack valuablscale efficiency Energy projection valueEnergy efficiency 
1990 1.000 0.000 0.000 0.000 1.000 1961.580 1.000 
1991 0.953 0.000 0.000 24.793 0.917 1829.965 0.953 
1992 0.915 0.000 0.000 3.440 0.934 1887.455 0.915 
1993 0.907 39.843 0.000 0.000 0.964 1986.444 0.890 
1994 0.907 0.000 0.000 9.833 0.955 2041.327 0.907 
1995 0.873 137.089 0.000 0.000 0.938 2080.276 0.819 
1996 0.868 0.000 0.000 17.985 0.881 2061.769 0.868 
1997 0.853 0.000 0.000 52.958 0.784 1972.226 0.853 
1998 0.834 0.000 0.000 61.564 0.728 1963.090 0.834 
1999 0.840 0.000 0.000 82.712 0.681 1975.603 0.840 
2000 0.863 0.000 0.000 43.333 0.742 2203.694 0.863 
2001 0.880 0.000 0.000 32.649 0.775 2398.423 0.880 
2002 0.897 0.000 0.000 11.801 0.833 2662.207 0.897 
2003 0.963 0.000 0.000 47.113 0.841 2970.782 0.963 
2004 0.985 0.000 0.000 11.350 0.952 3468.005 0.985 
2005 1.000 0.000 0.000 0.000 1.000 3901.280 1.000 
2006 1.000 0.000 0.000 0.000 1.000 4294.930 1.000 
2007 0.981 0.000 0.000 5.927 1.000 4626.129 0.981 
2008 1.000 0.000 0.000 0.000 1.000 5162.070 1.000 
 The conclusions are: firstly, the Energy efficiency of Tianjin is decline in advance then uplifted. From 
1990 to 1995 the trend is decline, and then there is a turn in 1995, from 1996 to 1998 there is little depress 
range. From 1998, the trend is increase by degrees.  
3. Total factor energy efficiency productivity econometric analyses  
From above results, we can find the differences of energy efficiency among these years in Tianjin. In 
order to find out the reasons of these differences, we make use of reference and actual economy in Tianjin, 
analysis these factors: The first is industry structure. Structuralis m point out that: The requisites of 
production often flow from the low return to high; it will direct ly influence the resource efficiency of 
distribution and utilization. The study of Richard[8] indicated that industry structure is beneficial to energy 
efficiency. We used the ratio of tertiary industry dividing the GDP represented by IS. The second is 
Influence of government. In  the market economy, government can be recognized as the leading of 
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development and macroeconomic policy. The fiscal policy and monetary policy can influence the energy 
efficiency greatly. Especially in  China, many companies are belonging to the government. We used the 
fiscal expenditure div ide the GDP, let GOV denote the power of government. Third is the degree of 
external opening. Now, in Tianjin though 30 year’s development, the internationalization of economy is 
advancing day by day. We can make the best of domestic and overseas resources, optimizing the 
collocating of resources and advancing the efficiency of development. We use the ratio of foreign trade, 
i.e. export d ivide GDP, let EX denote. The forth is the factors of institutions. Certain economy system can 
systemize the capital and labor to produce. In short term, in  cases of invariable system, production factors 
change will in fluence the output, but in a long-term v iew, the changing systems will variety the factors of 
production efficiency. the impact of  institutions in china's economic development was proved to be great. 
We use the proportion of state-owned industrial output value denoted, that is ZD. The fifth is technical 
innovation. a study of such indicators are generally used the number of patent application to measure, but 
the technology input mostly limited in corporate, for our analyses of the energy efficiency, it depend on 
the professional institutes. In fact, much foreign technology is introduced and absorbed, independent 
intellectual property rights of the technical innovation is not  prevalent. We use the ratio  of actual 
utilization foreign capital in Tianjin to in China. let  TP denote. 
Tobit model is one of limit  dependent variable models. It put fo rward by Tobit[6]. Economist 
Goldberger firstly adopt .then it applied broadly  in  many aspect. The model can settle truncated and 
censored data, especially  when we use the OLS, we find the biased and inconsistency of parameters. The 
results of DEA is between 0 and 1, the dependent variables of regression is limited in this section. So, we 
can use the model like this: 
*
* *
0, 0
, 0
i
i
i i i i
Y
Y
Y X YE H
­ d° ®   !°¯
                                                                                                ˄5˅ 
*Y is latent variable, that is left censored. iX is the independent variablesˈ E is the parametersǄ 
We use the software Eviews5.0, the results is as follows: 
(1)Industrial structure and energy efficiency is proved to negative correlation. It is on the contrary with 
a scholar's study conclusions and hypothesis[9], it was mainly due to the large proportion of heavy 
industry in Tianjin of the economy, accounts for the 60.1% up to 2008 in overall total economic output, 
and there is a steady rising trend. The proportion of the tertiary industry in recent years has declined by 
small margin. The energy consumption of physical heavy industrial sector is large and its energy 
efficiency of contribution rate is low. Therefore lead to he adjustment of the first, tertiary industry 
promotion was counteract by the second industry development, the impact of efficiency of our steadily 
improve is negative. 
(2)Technical progress has a greater impact on improving energy efficiency. Which advances of every 
1% will improve energy efficiency nearly 0.35%. The impact of Technical progress on improving the 
efficiency of production processes has been unanimously approved by the economist. Especially for 
energy efficiency, technology advancement let the enterprises make the best of the existing elements . 
(3)The factors of institutions and energy efficiency are proved to have positive correlation. As we are 
using the proportion of state-owned industries measuring, the nationalized  industries affect the proportion 
of the energy efficiency promotion; one percentage point will be made to improve energy efficiency 
0.312%. 
(4)Fiscal expenditure increase 1% energy efficiency will increase about 1.09%. Generally speaking, 
the impact of government on economic efficiency will be lower when it intervene market. But for the 
energy field, the failure of market mechanism needs government input. 
table2: Tobit regression model results 
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(5)The degree of external opening have 
a positive impact on the energy efficiency, 
every 1%, the energy efficiency is 
promoted 0.16%.For the city of Tianjin, 
actively encouraging foreign investment, 
studying and using the advanced 
technology are not only needed but also 
fruitful. 
 
4. Conclusion and suggestion 
In this paper, we used nonparametric DEA model based the production function, measured the energy 
efficiency of Tianjin city from 1990 to 2008, analyzes the trends, used the TOBIT model to analysis the 
factors that can influence the energy efficiency. Based our survey, we have the conclusions as follows:  
(1)From 1990 to 2008, overall t rend of Tianjin energy efficiency is lower in the first increase afterward, 
the overall efficiency in the level of 0.8-1.2. 
(2)The degree of external opening, the government's influence on economic, technological innovation 
and system are proved to have positive correlat ion of promoting energy efficiency. In recent years, with 
the economic development in  Tian jin, the depression of proportion of tert iary industry is characteristic, it 
led to its effects are negative.  
(3)With the development of Tianjin in the next five years, the government firstly should improve the 
industrial structure and develop low carbon economic. Secondly, the government  should advocate energy 
reduction industry, continue to increase support to energy efficient corporations, make it expand its scale 
to become a leading role in the certain industry. Thirdly, the government should actively encourage 
technological innovation and let technological achievements turn into actual productive forces.  
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